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Abstract 
Objective 

To provide an initial cell search method and a circuit for initial cell search, which can 
realize a circuit for 3 -step cell search system. 

Constitution 

A matched filter MF and a sliding correlation unit SC, to which received signal Sin is 
input, are adopted. Said matched filter MF correlates the received signal Sin and the first 
synchronization code PSC. After its output SPSC is stored in memory MEM1, it is processed by 
timing detection processor. Sliding correlation unit SC is comprised of plural sliding correlators 
SCl-SCz. After their outputs A[l]-A[z] are stored in memory MEM2, they are processed by a 
timing group specification unit TGI. The final output or an intermediate output of matched filter 
MF is output to a phase error detector FC, and the phase error is output to frequency control 
unit AFC. 
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Key: 



a 
b 
c 

PW 
JP1 
TGI 



Timing detection processor 
Power 

Scramble code identification part 
Correlated power 
Judgment unit 

Timing group specification unit 
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JP2 
JP3 



CAP 
PWA 



In-phase addition 
Correlated power average 
Judgment unit 
Judgment unit 



Claims 



1 . A frequency control method for mobile station in a W-CDM A communication system 
that operates as follows: the initial cell search is carried out with the following steps: step one, in 
which a first synchronization code (search code) that is common to all base stations and scramble 
codes used for identifying a base station are set; said scramble codes are divided into plural 
scramble code groups; a combination of a second synchronization code (search code) used for 
identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; based on the correlation result, a first receive timing (slot synchronization) 
is detected, and the inverse spread signal of the received signal is generated; step two, in which a 
correlation operation is performed on the received signals using the second synchronization code 
at said first receive timing; based on this correlation result, a second receive timing (frame 
synchronization) is detected, and the scramble code group is identified; and step three, in which a 
correlation operation is performed using the plural scramble codes included in the identified 
scramble code group, and one scramble code is specified; in this way, the mobile station that 
should receive signals can identify the base station; communication between the mobile station 
and the base station is then carried out using plural channels; characterized by the fact that 

after the first step is completed, the phase error between the slots of the correlation result 
calculated using the first synchronization code is detected, and the local oscillation frequency of 
the mobile station is adjusted appropriately to eliminate the frequency deviation corresponding to 
said phase error. 

2. A frequency control method for mobile station in a W-CDMA communication system 
that operates as follows: the initial cell search is carried out with the following steps: step one, in 
which a first synchronization code (search code) that is common to all base stations and scramble 
codes used for identifying a base station are set; said scramble codes are divided into plural 
scramble code groups; a combination of a second synchronization code (search code) used for 
identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
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a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; the signal power of the correlation result is integrated iteratively; based on 
the iterative integration result, a first receive timing (slot synchronization) is detected, and the 
inverse spread signal of the received signal is generated; step two, in which a correlation 
operation is performed on the received signals using the second synchronization code at said first 
receive timing; based on this correlation result, a second receive timing (frame synchronization) 
is detected, and the scramble code group is identified; and step three, in which a correlation 
operation is performed using the plural scramble codes included in the identified scramble code 
group, and one scramble code is specified; in this way, the mobile station that should receive 
signals can identify the base station; communication between the mobile station and the base 
station is then carried out using plural channels; characterized by the following facts: 

before the first receive timing is detected in step one of the cell search, the peak of the 
signal power of said correlation result is detected; the phase error in the correlation output is 
detected at plural peak positions at the timing of said peak; and the local oscillation frequency of 
the mobile station is adjusted appropriately to eliminate the frequency deviation corresponding to 
said phase error. 

3. A frequency control method for mobile station in a W-CDMA communication system 
that operates as follows: the initial cell search is carried out with the following steps: step one, in 
which a first synchronization code (search code) that is common to all base stations and scramble 
codes used for identifying a base station are set; said scramble codes are divided into plural 
scramble code groups; a combination of a second synchronization code (search code) used for 
identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; the signal power of the correlation result is integrated iteratively; based on 
the iterative integration result, a first receive timing (slot synchronization) is detected, and the 
inverse spread signal of the received signal is generated; step two, in which a correlation 
operation is performed on the received signals using the second synchronization code at said first 
receive timing; based on this correlation result, a second receive timing (frame synchronization) 
is detected, and the scramble code group is identified; and step three, in which a correlation 
operation is performed using the plural scramble codes included in the identified scramble code 
group, and one scramble code is specified; in this way, the mobile station that should receive 
signals can identify the base station; communication between the mobile station and the base 
station is then carried out using plural channels; characterized by the following facts: 
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the correlation in step one is carried out in a hierarchical manner by using a series of 
matched filters in plural hierarchies; 

before the first receive timing is detected in the first step of the cell search, the peak of 
the signal power of the correlation result before the final hierarchy of said matched filters 
(referred to as "partial correlation" hereinafter) is detected at plural peak positions at the timing 
of said peak; the phase error between the partial correlations is detected; and the local oscillation 
frequency of the mobile station is adjusted appropriately to eliminate the frequency deviation 
corresponding to said phase error. 

4. A frequency control method for mobile station in a W-CDMA communication system 
that operates as follows: the initial cell search is carried out with the following steps: step one, in 
which a first synchronization code (search code) that is common to all base stations and scramble 
codes used for identifying a base station are set; said scramble codes are divided into plural 
scramble code groups; a combination of a second synchronization code (search code) used for 
identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; the signal power of the correlation result is integrated iteratively; based on 
the iterative integration result, a first receive timing (slot synchronization) is detected, and the 
inverse spread signal of the received signal is generated; step two, in which a correlation 
operation is performed on the received signals using the second synchronization code at said first 
receive timing; based on this correlation result, a second receive timing (frame synchronization) 
is detected, and the scramble code group is identified; and step three, in which a correlation 
operation is performed using the plural scramble codes included in the identified scramble code 
group, and one scramble code is specified; in this way, the mobile station that should receive 
signals can identify the base station; communication between the mobile station and the base 
station is then carried out using plural channels; characterized by the following facts: 

the correlation in step one is carried out in a hierarchical manner by using a series of 
matched filters of plural hierarchies; before the first receive timing is detected in step one of the 
cell search, the peak of the signal power of the correlation result of the final hierarchy of said 
matched filters (referred to as "full correlation" hereinafter) or before the final hierarchy (referred 
to as "partial correlation" hereinafter) is detected; the phase error of the full correlation or the 
phase error of the partial correlation is detected selectively at plural peak positions at the timing 
of said peak; and the local oscillation frequency of the mobile station is adjusted appropriately to 
eliminate the frequency deviation corresponding to said phase error. 
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5. The frequency control method described in any of Claims 1-4 characterized by the fact 
that the phase error is calculated by means of delay detection. 

6. A mobile station in a W-CDMA communication system that operates as follows: the 
initial cell search is carried out with the following steps: step one, in which a first 
synchronization code (search code) that is common to all base stations and scramble codes used 
for identifying a base station are set; said scramble codes are divided into plural scramble code 
groups; a combination of a second synchronization code (search code) used for identifying each 
scramble code group is set; a first synchronization channel (search channel) constituted by the 
first synchronization code and a second synchronization channel (search channel) constituted by 
the second synchronization code are transmitted from the base station; in a mobile station, a 
correlation operation is performed on the received signals using the first synchronization code; 
based on the correlation result, a first receive timing (slot synchronization) is detected, and the 
inverse spread signal of the received signal is generated; step two, in which a correlation 
operation is performed on the received signals using the second synchronization code at said first 
receive timing; based on this correlation result, a second receive timing (frame synchronization) 
is detected, and the scramble code group is identified; and step three, in which a correlation 
operation is performed using the plural scramble codes included in the identified scramble code 
group, and one scramble code is specified; in this way, the mobile station that should receive 
signals can identify the base station; communication between the mobile station and the base 
station is then carried out using plural channels; characterized by the fact that said mobile station 
is equipped with the following: 

a matched filter that performs the correlation in step one; 

a correlated power calculator that receives the output of the matched filter as input and 
calculates its correlated power; 

an adder that receives the output of the correlated power calculator as the input; 

a memory that receives the output of said adder as input and stores said input at a slot 
period and feeds back its output to said adder so as to accumulate the correlated power by said 
adder; 

a timing detector that detects the first receive timing based on the output of the memory; 

a phase error detector that receives the plural outputs of said matched filter at the first 
receive timing detected by said timing detector and detects the phase error of the correlation 
result of the plural slots; and 

a frequency controller that controls the local oscillation frequency of the mobile station 
appropriately to eliminate the frequency deviation corresponding to the phase error detected by 
said phase error detector. 
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7. A mobile station in a W-CDMA communication system that operates as follows: the 
initial cell search is carried out with the following steps: step one, in which a first 
synchronization code (search code) that is common to all base stations and scramble codes used 
for identifying a base station are set; said scramble codes are divided into plural scramble code 
groups; a combination of a second synchronization code (search code) used for identifying each 
scramble code group is set; a first synchronization channel (search channel) constituted by the 
first synchronization code and a second synchronization channel (search channel) constituted by 
the second synchronization code are transmitted from the base station; in a mobile station, a 
correlation operation is performed on the received signals using the first synchronization code; 
based on the correlation result, a first receive timing (slot synchronization) is detected, and the 
inverse spread signal of the received signal is generated; step two, in which a correlation 
operation is performed on the received signals using the second synchronization code at said first 
receive timing; based on this correlation result, a second receive timing (frame synchronization) 
is detected, and the scramble code group is identified; and step three, in which a correlation 
operation is performed using the plural scramble codes included in the identified scramble code 
group, and one scramble code is specified; in this way, the mobile station that should receive 
signals can identify the base station; communication between the mobile station and the base 
station is then carried out using plural channels; characterized by the fact that said mobile station 
is equipped with the following: 

a matched filter that performs the correlation in step one; 

a correlated power calculator that receives the output of the matched filter as input and 
calculates its correlated power; 

an adder that receives the output of the correlated power calculator as the input; 

a memory that receives the output of said adder as input and stores said input at a slot 
period and feeds back its output to said adder so as to accumulate the correlated power by said 
adder; 

a timing detector that detects the first receive timing based on the output of the memory; 

a frequency controller equipped with a correlated power calculator that receives the 
output of said matched filter as its input and calculates its correlated power, a peak detector that 
detects the peak position of the correlated power calculated by said correlated power calculator, 
and a phase error detector that receives the plural outputs of said matched filter at the timing of 
the peak position detected by said peak detector and detects the phase error of the correlation 
result of the plural slots; and 

a frequency controller that controls the local oscillation frequency of the mobile station 
appropriately to eliminate the frequency deviation corresponding to the phase error detected by 
the phase error detector in said frequency controller. 
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8. A mobile station in a W-CDMA communication system that operates as follows: the 
initial cell search is carried out with the following steps: step one, in which a first 
synchronization code (search code) that is common to all base stations and scramble codes used 
for identifying a base station are set; said scramble codes are divided into plural scramble code 
groups; a combination of a second synchronization code (search code) used for identifying each 
scramble code group is set; a first synchronization channel (search channel) constituted by the 
first synchronization code and a second synchronization channel (search channel) constituted by 
the second synchronization code are transmitted from the base station; in a mobile station, a 
correlation operation is performed on the received signals using the first synchronization code; 
based on the correlation result, a first receive timing (slot synchronization) is detected, and the 
inverse spread signal of the received signal is generated; step two, in which a correlation 
operation is performed on the received signals using the second synchronization code at said first 
receive timing; based on this correlation result, a second receive timing (frame synchronization) 
is detected, and the scramble code group is identified; and step three, in which a correlation 
operation is performed using the plural scramble codes included in the identified scramble code 
group, and one scramble code is specified; in this way, the mobile station that should receive 
signals can identify the base station; communication between the mobile station and the base 
station is then carried out using plural channels; characterized by the fact that said mobile station 
is equipped with the following: 

a series of matched filters in plural hierarchies that perform the correlation in step one; 

a correlated power calculator that receives the output of the matched filter in the final 
hierarchy of said matched filters and calculates its correlated power; 

an adder that receives the output of said correlated power calculator as its input; 

a memory that receives the output of said adder as input and stores said input at a slot 
period and feeds back its output to said adder so as to accumulate the correlated power by said 
adder; 

a timing detector that detects the first receive timing based on the output of the memory; 

a frequency controller equipped with a correlated power calculator that receives the 
outputs of the matched filters before said final hierarchy (referred to as "partial correlation" 
hereinafter) as input and calculates its correlated power, a peak detector that detects the peak 
position of the correlated power calculated by said correlated power calculator, and a phase error 
detector that receives plural partial correlations at the timing of the peak position detected by 
said peak detector and detects the inter-phase error between the partial correlations at plural peak 
positions; and 
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a frequency controller that controls the local oscillation frequency of the mobile station 
appropriately to eliminate the frequency deviation corresponding to the phase error detected by 
the phase error detector in said frequency controller. 

9. A mobile station in a W-CDMA communication system that operates as follows: the 
initial cell search is carried out with the following steps: step one, in which a first 
synchronization code (search code) that is common to all base stations and scramble codes used 
for identifying a base station are set; said scramble codes are divided into plural scramble code 
groups; a combination of a second synchronization code (search code) used for identifying each 
scramble code group is set; a first synchronization channel (search channel) constituted by the 
first synchronization code and a second synchronization channel (search channel) constituted by 
the second synchronization code are transmitted from the base station; in a mobile station, a 
correlation operation is performed on the received signals using the first synchronization code; 
based on the correlation result, a first receive timing (slot synchronization) is detected, and the 
inverse spread signal of the received signal is generated; step two, in which a correlation 
operation is performed on the received signals using the second synchronization code at said first 
receive timing; based on this correlation result, a second receive timing (frame synchronization) 
is detected, and the scramble code group is identified; and step three, in which a correlation 
operation is performed using the plural scramble codes included in the identified scramble code 
group, and one scramble code is specified; in this way, the mobile station that should receive 
signals can identify the base station; communication between the mobile station and the base 
station is then carried out using plural channels; characterized by the fact that said mobile station 
is equipped with the following: 

a series of matched filters in plural hierarchies that perform the correlation in step one; a 
multiplexer that receives the output of the matched filter in the final hierarchy and the outputs of 
the matched filters before the final hierarchy as inputs and selects one of said outputs to output; 

a correlated power calculator that receives the output of said matched filter in the final 
hierarchy and calculates its correlated power; 

an adder that receives the output of said correlated power calculator as its input; 

a memory that receives the output of said adder as input and stores said input at a slot 
period and feeds back its output to said adder so as to accumulate the correlated power by said 
adder; 

a timing detector that detects the first receive timing based on the output of the memory; 

a frequency controller equipped with a correlated power calculator that receives the 
output of the matched filter in the final hierarchy (referred to as "full correlation" hereinafter) 
and the outputs of the matched filters before the final hierarchy (referred to as "partial 
correlations" hereinafter) as inputs and calculates the correlated power of the outputs of said 
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matched filters, a peak detector that detects the peak position of the correlated power calculated 
by said correlation power calculator, and a phase error detector that receives the plural outputs of 
the matched filters at the timing of the peak position detected by said peak detector and detects 
the phase error of the outputs at the plural peak positions; and 

frequency controller that controls the local oscillation frequency of the mobile station 
appropriately to eliminate the frequency deviation corresponding to the phase error detected by 
the phase error detector in said frequency controller. 

10. The mobile station described in any of Claims 6-9 characterized by the fact that the 
phase error detector calculates the phase error by means of delay detection. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to direct sequence code division multiple access (DS- 
CDMA) communication system. In particular, the present invention pertains to a frequency 
control method for reducing the frequency deviation between a mobile station and the base 
station during initial cell search processing and to the receiving device thereof. 

[0002] 
Prior art 

In wideband direct sequence code division multiple access (W-CDMA) communication 
systems, which have received a lot of attention in the mobile communication field in recent 
years, it takes time to perform an initial cell search since the operation for initial synchronization 
or the identification of the base station is performed during the initial cell search. Therefore, a 
three-step cell search system has been proposed ("Analysis of cell search characteristic in 
W-CDMA cellular system," Journal of Electronic Information and Communication Society, 
Vol. J83-B, No. 9, pp 1245-1257). In this case, the scramble codes used for identifying the base 
station are divided into groups, and a second synchronization code (search code) is set to identify 
the group to increase the speed of the initial cell search. 

[0003] 

During the initial cell search, since the frequencies of the base station and mobile station 
are not synchronized, the frequency deviation between the two stations may be relatively high. 
This problem was pointed out by Y. Wang and T. Ottoson in "Cell search algorithm and 
optimization in W-CDMA," IEEE Vehicle Technology Conference Spring 2000, Tokyo. If the 
frequency deviation is high, the correlation detection accuracy will be low, and the misdetection 
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rate of cell search will be high in each step of the initial cell search. In order to solve this 
problem, a method that takes advantage of partial correlation within only 1 symbol during the 
initial cell search was proposed in the same paper. This method, however, is unable to fully 
generate the original spread gain of the system, and to increase the S/N ratio. 

[0004] 

Problem to be solved by the invention 

The objective of the present invention is to solve the aforementioned problem by 
providing a frequency control method and receiving device that can prevent misdetection caused 
by frequency deviation in the 3 -step cell search system. 

[0005] 

Means to solve the problem 

The present invention provides a frequency control method for mobile station in a W- 
CDMA communication system that operates as follows: the initial cell search is carried out with 
the following steps: step one, in which a first synchronization code (search code) that is common 
to all base stations and scramble codes used for identifying a base station are set; said scramble 
codes are divided into plural scramble code groups; a combination of a second synchronization 
code (search code) used for identifying each scramble code group is set; a first synchronization 
channel (search channel) constituted by the first synchronization code and a second 
synchronization channel (search channel) constituted by the second synchronization code are 
transmitted from the base station; in a mobile station, a correlation operation is performed on the 
received signals using the first synchronization code; based on the correlation result, a first 
receive timing (slot synchronization) is detected, and the inverse spread signal of the received 
signal is generated; step two, in which a correlation operation is performed on the received 
signals using the second synchronization code at said first receive timing; based on this 
correlation result, a second receive timing (frame synchronization) is detected, and the scramble 
code group is identified; and step three, in which a correlation operation is performed using the 
plural scramble codes included in the identified scramble code group, and one scramble code is 
specified; in this way, the mobile station that should receive signals can identify the base station; 
communication between the mobile station and the base station is then carried out using plural 
channels. In this method, after the first step is completed, the phase error between the slots of the 
correlation result calculated using the first synchronization code is detected, and the local 
oscillation frequency of the mobile station is adjusted appropriately to eliminate the frequency 
deviation corresponding to said phase error. In this way, it is possible to adjust the frequency 
early in the process. 
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[0006] 

The present invention also provides a frequency control method for mobile station in a 
W-CDMA communication system that operates as follows: the initial cell search is carried out 
with the following steps: step one, in which a first synchronization code (search code) that is 
common to all base stations and scramble codes used for identifying base station are set; said 
scramble codes are divided into plural scramble code groups; a combination of a second 
synchronization code (search code) used for identifying each scramble code group is set; a first 
synchronization channel (search channel) constituted by the first synchronization code and a 
second synchronization channel (search channel) constituted by the second synchronization code 
are transmitted from the base station; in a mobile station, a correlation operation is performed on 
the received signals using the first synchronization code; the signal power of the correlation 
result is integrated iteratively; based on the iterative integration result, a first receive timing (slot 
synchronization) is detected, and the inverse spread signal of the received signal is generated; 
step two, in which a correlation operation is performed on the received signals using the second 
synchronization code at said first receive timing; based on this correlation result, a second 
receive timing (frame synchronization) is detected, and the scramble code group is identified; 
and step three, in which a correlation operation is performed using the plural scramble codes 
included in the identified scramble code group, and one scramble code is specified; in this way, 
the mobile station that should receive signals can identify the base station; communication 
between the mobile station and the base station is then carried out using plural channels. In this 
method, before the first receive timing is detected in the first step of the cell search, the peak of 
the signal power of said correlation result is detected. The phase error in the correlation output is 
detected at plural peak positions at the timing of said peak; and the local oscillation frequency of 
the mobile station is adjusted appropriately to eliminate the frequency deviation corresponding to 
said phase error. In this way, the frequency can be adjusted earlier. 

[0007] 

The present invention also provides a frequency control method for mobile station in a 
W-CDMA communication system that operates as follows: the initial cell search is carried out in 
the following steps: step one, in which a first synchronization code (search code) that is common 
to all base stations and scramble codes used for identifying a base station are set; said scramble 
codes are divided into plural scramble code groups; a combination of a second synchronization 
code (search code) used for identifying each scramble code group is set; a first synchronization 
channel (search channel) constituted by the first synchronization code and a second 
synchronization channel (search channel) constituted by the second synchronization code are 
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transmitted from the base station; in a mobile station, a correlation operation is performed on the 
received signals using the first synchronization code; the signal power of the correlation result is 
integrated iteratively; based on the iterative integration result, a first receive timing (slot 
synchronization) is detected, and the inverse spread signal of the received signal is generated; 
step two, in which a correlation operation is performed on the received signals using the second 
synchronization code at said first receive timing; based on this correlation result, a second 
receive timing (frame synchronization) is detected, and the scramble code group is identified; 
and step three, in which a correlation operation is performed using the plural scramble codes 
included in the identified scramble code group, and one scramble code is specified; in this way, 
the mobile station that should receive signals can identify the base station; communication 
between the mobile station and the base station is then carried out using plural channels. In this 
method, the correlation operation in step one is carried out in a hierarchical manner by using a 
series of matched filters of plural hierarchies. Before the first receive timing is detected in the 
first step of the cell search, the peak of the signal power of the correlation result before the final 
hierarchy of said matched filters (referred to as "partial correlation" hereinafter) is detected at 
plural peak positions at the timing of said peak. The phase error between the partial correlations 
is detected, and the local oscillation frequency of the mobile station is adjusted appropriately to 
eliminate the frequency deviation corresponding to said phase error. In this way, the frequency 
can be adjusted even earlier. 



[0008] 

The present invention also provides a frequency control method for mobile station in a 
W-CDMA communication system that operates as follows: the initial cell search is carried out 
with the following steps: step one, in which a first synchronization code (search code) that is 
common to all base stations and scramble codes used for identifying a base station are set; said 
scramble codes are divided into plural scramble code groups; a combination of a second 
synchronization code (search code) used for identifying each scramble code group is set; a first 
synchronization channel (search channel) constituted by the first synchronization code and a 
second synchronization channel (search channel) constituted by the second synchronization code 
are transmitted from the base station; in a mobile station, a correlation operation is performed on 
the received signals using the first synchronization code; the signal power of the correlation 
result is integrated iteratively; based on the iterative integration result, a first receive timing (slot 
synchronization) is detected, and the inverse spread signal of the received signal is generated; 
step two, in which a correlation operation is performed on the received signals using the second 
synchronization code at said first receive timing; based on this correlation result, a second 
receive timing (frame synchronization) is detected, and the scramble code group is identified; 



and step three, in which a correlation operation is performed using the plural scramble codes 
included in the identified scramble code group, and one scramble code is specified; in this way, 
the mobile station that should receive signals can identify the base station; communication 
between the mobile station and the base station is then carried out using plural channels. In this 
method, the correlation operation in step one is carried out in a hierarchical manner by using a 
series of matched filters of plural hierarchies. Before the first receive timing is detected in the 
first step of the cell search, the peak of the signal power of the correlation result of the final 
hierarchy of said matched filters (referred to as "full correlation" hereinafter) or before the final 
hierarchy (referred to as "partial correlation" hereinafter) is detected. The phase error of the full 
correlation or the phase error of the partial correlation is detected selectively at plural peak 
positions at the timing of said peak, and the local oscillation frequency of the mobile station is 
adjusted appropriately to eliminate the frequency deviation corresponding to said phase error. In 
this way, the frequency detection accuracy and the frequency adjustment period can be optimized 
corresponding to the operation state of the mobile station. 

[0009] 

The phase error can be calculated, for example, by means of delay detection. 

[0010] 

The present invention provides a mobile station in a W-CDMA communication system 
that operates as follows: the initial cell search is carried out with the following steps: step one, in 
which a first synchronization code (search code) that is common to all base stations and scramble 
codes used for identifying a base station are set; said scramble codes are divided into plural 
scramble code groups; a combination of a second synchronization code (search code) used for 
identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; based on the correlation result, a first receive timing (slot synchronization) 
is detected, and the inverse spread signal of the received signal is generated; step two, in which a 
correlation operation is performed on the received signals using the second synchronization code 
at said first receive timing; based on this correlation result, a second receive timing (frame 
synchronization) is detected, and the scramble code group is identified; and step three, in which a 
correlation operation is performed using the plural scramble codes included in the identified 
scramble code group, and one scramble code is specified; in this way, the mobile station that 
should receive signals can identify the base station; communication between the mobile station 
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and the base station is then carried out using plural channels. Said mobile station is equipped 
with the following: a matched filter that performs the correlation operation in step one; a 
correlated power calculator that receives the output of the matched filter as input and calculates 
its correlated power; an adder that receives the output of the correlated power calculator as the 
input; a memory that receives the output of said adder as input and stores said input at a slot 
period and feeds back its output to said adder so as to accumulate the correlated power by said 
adder; a timing detector that detects the first receive timing based on the output of the memory; a 
phase error detector that receives the plural outputs of said matched filter at the first receive 
timing detected by said timing detector and detects the phase error of the correlation result of the 
plural slots; and a frequency controller that controls the local oscillation frequency of the mobile 
station appropriately to eliminate the frequency deviation corresponding to the phase error 
detected by said phase error detector. 

[0011] 

The present invention also provides a mobile station in a W-CDMA communication 
system that operates as follows: the initial cell search is carried out with the following steps: step 
one, in which a first synchronization code (search code) that is common to all base stations and 
scramble codes used for identifying a base station are set; said scramble codes are divided into 
plural scramble code groups; a combination of a second synchronization code (search code) used 
for identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; based on the correlation result, a first receive timing (slot synchronization) 
is detected, and the inverse spread signal of the received signal is generated; step two, in which a 
correlation operation is performed on the received signals using the second synchronization code 
at said first receive timing; based on this correlation result, a second receive timing (frame 
synchronization) is detected, and the scramble code group is identified; and step three, in which a 
correlation operation is performed using the plural scramble codes included in the identified 
scramble code group, and one scramble code is specified; in this way, the mobile station that 
should receive signals can identify the base station; communication between the mobile station 
and the base station is carried out using plural channels. Said mobile station is equipped with the 
following: a matched filter that performs the correlation in step one; a correlated power 
calculator that receives the output of the matched filter as input and calculates its correlated 
power; an adder that receives the output of the correlated power calculator as the input; a 
memory that receives the output of said adder as input and stores said input at a slot period and 
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feeds back its output to said adder so as to accumulate the correlated power by said adder; a 
timing detector that detects the first receive timing based on the output of the memory; a 
frequency controller equipped with a correlated power calculator that receives the output of said 
matched filter as its input and calculates its correlated power, a peak detector that detects the 
peak position of the correlated power calculated by said correlated power calculator, and a phase 
error detector that receives the plural outputs of said matched filter at the timing of the peak 
position detected by said peak detector and detects the phase error of the correlation result of the 
plural slots; and a frequency controller that controls the local oscillation frequency of the mobile 
station appropriately to eliminate the frequency deviation corresponding to the phase error 
detected by the phase error detector in said frequency controller. 

[0012] 

The present invention also provides a mobile station in a W-CDMA communication 
system that operates as follows: the initial cell search is carried out with the following steps: step 
one, in which a first synchronization code (search code) that is common to all base stations and 
scramble codes used for identifying a base station are set; said scramble codes are divided into 
plural scramble code groups; a combination of a second synchronization code (search code) used 
for identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; based on the correlation result, a first receive timing (slot synchronization) 
is detected, and the inverse spread signal of the received signal is generated; step two, in which a 
correlation operation is performed on the received signals using the second synchronization code 
at said first receive timing; based on this correlation result, a second receive timing (frame 
synchronization) is detected, and the scramble code group is identified; and step three, in which a 
correlation operation is performed using the plural scramble codes included in the identified 
scramble code group, and one scramble code is specified; in this way, the mobile station that 
should receive signals can identify the base station; communication between the mobile station 
and the base station is then carried out using plural channels. Said mobile station is equipped 
with the following: a series of matched filters in plural hierarchies that perform the correlation in 
step one; a correlated power calculator that receives the output of the matched filter in the final 
hierarchy of said matched filters and calculates its correlated power; an adder that receives the 
output of said correlated power calculator as its input; a memory that receives the output of said 
adder as input and stores said input at a slot period and feeds back its output to said adder so as 
to accumulate the correlated power by said adder; a timing detector that detects the first receive 



« 



17 



timing based on the output of the memory; a frequency controller equipped with a correlated 
power calculator that receives the outputs of the matched filters before said final hierarchy 
(referred to as "partial correlation" hereinafter) as input and calculates its correlated power, a 
peak detector that detects the peak position of the correlated power calculated by said correlated 
power calculator, and a phase error detector that receives plural partial correlations at the timing 
of the peak position detected by said peak detector and detects the inter-phase error between the 
partial correlations at plural peak positions; and a frequency controller that controls the local 
oscillation frequency of the mobile station appropriately to eliminate the frequency deviation 
corresponding to the phase error detected by the phase error detector in said frequency controller. 

[0013] 

The present invention also provides a mobile station in a W-CDMA communication 
system that operates as follows: the initial cell search is carried out with the following steps: step 
one, in which a first synchronization code (search code) that is common to all base stations and 
scramble codes used for identifying a base station are set; said scramble codes are divided into 
plural scramble code groups; a combination of a second synchronization code (search code) used 
for identifying each scramble code group is set; a first synchronization channel (search channel) 
constituted by the first synchronization code and a second synchronization channel (search 
channel) constituted by the second synchronization code are transmitted from the base station; in 
a mobile station, a correlation operation is performed on the received signals using the first 
synchronization code; based on the correlation result, a first receive timing (slot synchronization) 
is detected, and the inverse spread signal of the received signal is generated; step two, in which a 
correlation operation is performed on the received signals using the second synchronization code 
at said first receive timing; based on this correlation result, a second receive timing (frame 
synchronization) is detected, and the scramble code group is identified; and step three, in which a 
correlation operation is performed using the plural scramble codes included in the identified 
scramble code group, and one scramble code is specified; in this way, the mobile station that 
should receive signals can identify the base station; communication between the mobile station 
and the base station is then carried out using plural channels. Said mobile station is equipped 
with the following: a series of matched filters in plural hierarchies that perform the correlation in 
step one; a multiplexer that receives the output of the matched filter in the final hierarchy and the 
outputs of the matched filters before the final hierarchy as inputs and selects one of said outputs 
to output; a correlated power calculator that receives the output of said matched filter in the final 
hierarchy and calculates its correlated power; an adder that receives the output of said correlated 
power calculator as its input; a memory that receives the output of said adder as input and stores 
said input at a slot period and feeds back its output to said adder so as to accumulate the 



« t 

18 

correlated power by said adder; a timing detector that detects the first receive timing based on the 
output of the memory; a frequency controller equipped with a correlated power calculator that 
receives the output of the matched filter in the final hierarchy (referred to as "full correlation" 
hereinafter) and the outputs of the matched filters before the final hierarchy (referred to as 
"partial correlations" hereinafter) as inputs and calculates the correlated power of the outputs of 
said matched filters, a peak detector that detects the peak position of the correlated power 
calculated by said correlation power calculator, and a phase error detector that receives the plural 
outputs of the matched filters at the timing of the peak position detected by said peak detector 
and detects the phase error of the outputs at plural peak positions; and frequency controller that 
controls the local oscillation frequency of the mobile station appropriately to eliminate the 
frequency deviation corresponding to the phase error detected by the phase error detector in said 
frequency controller. 

[0014] 

In the mobile station disclosed in the present invention, the phase error detector calculates 
the phase error, for example, by means of delay detection. 

[0015] 

Embodiment of the invention 

In the following, the frequency control method and receiving device thereof for a W- 
CDMA communication system disclosed in the present invention will be explained based on 
preferred embodiments. 

[0016] 

Figure 15 shows the general transmission frame configuration of a 3 -step cell search 

system. 
[0017] 

In this 3-step cell search system, common pilot channel CPICH, first synchronization 
(search) channel P-SCH, second synchronization (search) channel S-SCH are used. A pilot 
pattern is used by the common pilot channel CPICH. A first synchronization code PSC that is 
common to all the base stations is used by the first synchronization (search) channel P-SCH. 

[0018] 

The base station is identified by scramble code GC [i, j] (i=l-p, j = 1-q). These scramble 
codes GC [i, j] are divided into plural scramble code groups SCMG [i] (i = 1-p). 
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[0019] 

Second synchronization codes (search code) SSC [i] (i = 1-z) are used by the second 
synchronization channel S-SCH. One scramble code group SCMG [i] is identified by the 
combination of the second synchronization codes. 

[0020] 

In Figure 15, the length of one frame is n [slots/1 frame] x N [symbols/1 slot] x M [tips/1 
symbol]. The correlation by the first synchronization code PSC and the second synchronization 
code SSC [i] is performed at n (equivalent to the number of slots) of the receive timings in one 
frame. 

[0021] 

The modulation method for the transmitted signals is QPSK (Quadrature Phase Shift 
Keying). The transmitted signal is composed of an in-phase component (I component) and an 
orthogonal component (Q component). 

First embodiment 

Figure 1 is a block diagram illustrating the mobile station in the first embodiment of the 
present invention. 

[0022] 

The mobile station has antenna 200 and duplexer (duplexer) 210 connected to 
antenna 200. Transmitter 220, receiver 230 are connected to said duplexer (duplexer) 210. 
Duplexer (duplexer) 210 separates the current of transmitter 220 from the current of the 
receiver 230 to prevent signal mixing. 

[0023] 

Transmitter 220 has spread spectrum modulator 2201 that spreads the digital signal to 
transmit and digital/analog converters 2202, 2203 that converts the in-phase component 
(I component) and the orthogonal component (Q component) of the digital output of said spread 
spectrum modulator 2201 into analog signals. The noise in the outputs of digital/analog 
converters 2202, 2203 is eliminated by low-pass filters 2204, 2205, respectively. 
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[0024] 

The outputs of low-pass filters 2204, 2205 are input to orthogonal modulator 2206, which 
converts the in-phase component (I component) and the orthogonal component (Q component) of 
the signal, so that one QPSK (Quadrature phase shift keying) modulated signal can be 
transmitted. 

[0025] 

A transmission frequency synthesizer 2207 is connected to orthogonal modulator 2206 to 
set the transmission frequency used for QPSK modulation. 

[0026] 

After the output of orthogonal modulator 2206 is amplified by variable gain 
amplifier 2208, the signals at the frequencies other than the prescribed frequency are eliminated 
by bandpass filter 2209. The output of bandpass filter 2209 and the output of transmission 
frequency synthesizer 2207 are input into mixer 2210, where they are modulated. A prescribed 
frequency component is then extracted by bandpass filter 221 1, followed by amplification 
performed by variable gain amplifier 2212 and power amplifier 2213. The signal is then input 
into duplexer (duplexer) 210. 

[0027] 

Receiver 230 has low-noise amplifier 2301 connected to duplexer (duplexer) 210 and 
bandpass filter 2302 that eliminates the signals at the frequencies other than the prescribed 
frequency in the output of said low-noise amplifier 2301. 

[0028] 

The output of bandpass filter 2302 is input to mixer 2303, to which receiving frequency 
synthesizer 2304 is connected, to convert the signal into an intermediate frequency signal. The 
output of mixer 2303 is subjected to orthogonal detection performed by orthogonal detector 2307 
after undergoing extraction of a prescribed frequency component performed by bandpass 
filter 2305 and amplification performed by variable gain amplifier 2306. Receiving frequency 

♦ 

synthesizer 2304 is connected to orthogonal detector 2307. 



[0029] 

Orthogonal detector 2307 extracts the in-phase component (I component) and the 
orthogonal component (Q component) of the received signal. After their noise is eliminated by 



21 

low-pass filters 2308, 2309, respectively, said components are converted into digital signals by 
analog/digital converters 2310, 231 1, respectively. 

[0030] 

The outputs of analog/digital converters 2310, 231 1 are input to inverse spread 
demodulator 2312 to inversely spread said outputs. 

[0031] 

In order to determine the frequency deviation between the received signal and the local 
oscillation frequency of the mobile station, inverse spread demodulator 2312 calculates phase 
error PE of the received signal at different reception timings and inputs them into frequency 
controller 240. Said frequency controller 240 outputs a control signal to a 
temperature-compensated crystal oscillator 250 to adjust the oscillation frequency. A system 
clock generator 260 is connected to temperature-compensated crystal oscillator 250. The 
oscillation frequency of temperature-compensated crystal oscillator 250 is divided to generate 
the system clock. Transmission frequency synthesizer 2207 and receiving frequency 
synthesizer 2304 are connected to temperature-compensated crystal oscillator 250 to generate 
signals with reference to the oscillation frequency of temperature-compensated crystal 
oscillator 250. Also, the output of temperature-compensated crystal oscillator 250 is input to 
system clock generator 260 and is used to generate the system clock CLK0 of the mobile station. 

[0032] 

Inverse spread demodulator 2312 is usually comprised of blocks for cell search, bus 
search, synchronized detection, rake synthesis, channel decoder, RF control, etc. Figure 2 is a 
block diagram illustrating the cell search block. This figure shows the connections between the 
cell search block of the present invention and the FC block (to be described below) and the AFC 
block. 

[0033] 

The cell search block has matched filter MF and sliding correlators part SC to which 
received signal Sin is input. Here, received signal Sin is a complex number composed of an 
in-phase component (I component) SinI and an orthogonal component (Q component) SinQ. 



[0034] 

Matched filter MF correlates received signal Sin and the first synchronization code PSC. 
Its output Spsc is input to correlated power calculator PW, which outputs the signal power value 



♦ 



22 

(absolute value) of the correlation result. After said value is stored in memory MEM 1, it is 
processed by timing detection processor. Memory MEM 1 has a capacity of one slot and operates 
together with adder ADD in the previous step to accumulate the signal power value (absolute 
value) of the correlation result in slot unit. In this way, iterative integration is carried out. The 
output Spsc is a complex number composed of I component SpscI and Q component SpscQ. 

[0035] 

Sliding correlation unit SC is comprised of plural sliding correlators SCl-SCz (see 
Figure 17). After the output A[i] (i=l-z) is stored in memory MEM 2, it is processed by timing 
group identifier TGI. 

[0036] 

Memory MEM 1 stores the output of adder ADD for 1 slot. After it stores the correlated 
power for the period of 1 slot in the initial state, the power value is fed back to adder ADD. 
Adder ADD then sequentially adds the correlated power to the addition result at a period of 1 
slot. In this way, adder ADD accumulates the correlated power at a period of 1 slot. The 
accumulation period is either 1 slot (two correlated powers in a period of 1 slot) or several slot 
periods. 

[0037] 

Judgment unit JP1 in timing detection processor compares the correlated power with a 
threshold value. The peak is detected, and the first reception timing Tpl is detected. Said first 
reception timing Tpl provides the starting point of one slot in Figure 15, and the slot 
synchronization is detected. 

[0038] 

The first reception timing Tpl is input to sliding correlation unit SC, and the reception 
timings of sliding correlators SCl-SCz are set. Said sliding correlators SCl-SCz correlate second 
synchronization codes SSC[1] - SSC[z] and received signal Sin over 1 frame, respectively. The 
outputs A[l] - A[z] are stored as matrix AM [i, j] (i=l-z; j=l-n) in memory MEM2. Matrix 
AM[i, j] are complex numbers composed of I component AMI[i, j] and Q component AMQ[i, j]. 

[0039] 

Timing detection processor generates clock CLK1 corresponding to the first reception 
timing TP1 and inputs said clock CLK1 to phase error detector FC connected to the output of 
matched filter MF. Phase error detector FC detects the phase error used for calculating the 
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frequency deviation between the frequency of received signal Sin and the local oscillation 
frequency of the mobile station. The calculation result is input to the frequency controller 240 
shown in Figure 1 that adjusts the local oscillation frequency. 

[0040] 

Timing group identifier TGI performs in-phase addition by in-phase adder CAP for 
predetermined combination patterns PGC[i, j, k] i=l-z; j=l-n, k=l-n) indicating each of scramble 
code groups SCMG[1] - SCMG[p] with respect to the elements of matrix AM [i, j] (i=l-z; 
j=l-n) and calculates the average of said signal power (absolute value) by correlated power 
averaging part PWA based on the result of said in-phase addition. By comparing the average 
value of said signal power (with absolute value) with a threshold value, judgment unit JP2 
identifies one scramble code group SCMG[g] and identifies the second reception timing Tp2. 
The second reception timing [Tp2] provides the starting point of the frame, and frame 
synchronization is detected. 

[0041] 

In timing group identifier TGI, it is also possible to omit the in-phase addition processing 
performed by said in-phase adder CAP, directly determine the signal power (absolute value) for 
each element in matrix AM [i, j] (i=l-z; j=l-n), accumulate the predetermined combination 
patterns GC[i, j, k] (i=l-p; j=l-z; k=l-n), and compare the accumulation result with a threshold 
value. 

[0042] 

Then, the correlation operation between received signal Sin and scramble code and the 
channelization code of the common pilot channel is performed by sliding correlation unit SCA 
for the scramble codes GC[i, j] =(i=l-p, j=l-q) included in a certain scramble code group 
SCMG[i]. The correlation results (Sth[l], Sth[2], Sth[k]) are accumulated by memory circuits 
(MEM 31, MEM32, MEM39) and the adder in the previous step of each memory circuit over 
one or more symbols for the in-phase component (I component) and the orthogonal component 
(Q component) separately. The average value of the signal power (absolute value) is calculated 
by the circuit connected in the next step of each memory circuit (MEM 3 1 , MEM32, . . ., 
MEM39). By comparing the average value of the signal power (absolute value) with a threshold 
value, judgment unit JP3 identifies one of scramble codes GC [i, 1] - GC[i, q]. 
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[0043] 

Figure 3 is a block diagram illustrating phase error detector FC along with matched 
filter MF. 

[0044] 

Phase error detector FC has two stages of sample-and-hold circuits 300, 310 to which the 
matched filter output Spsc is input. Said sample-and-hold circuits 300, 310 are synchronized 
with each clock pulse CLK of timing detection processor to hold output Spsc. The outputs of 
sample-and-hold circuits 300, 310 are input into inter-slot phase error detector 320. Clock CLK1 
provides the peak position of each slot in the correlation output. One output Spsc is held in 
sample-and-hold circuit 300 at a slot timing and is sent to sample-and-hold circuit 310 at the next 
slot timing and holds correlation output Spsc at a new slot timing. Consequently, sample-and- 
hold circuit 310 holds outputs the correlation input Spsc after 1 slot of sample-and-hold 
circuit 300 to inter-slot phase error detector 320. 



[0045] 

In this way, the correlation outputs at the peak positions of two consecutive slots are 
input in parallel to inter-slot phase error detector 320. 

[0046] 

If the correlation output Spsc has an in-phase component Di, an orthogonal component 
Dq, its amplitude will be B, as expressed by equation (1), where Af is the deviation between the 
carrier frequency and the local oscillation frequency of the mobile station, t is time, and e is the 
base of the natural logarithm. 



[0047] 

Mathematical Formula 1 
Di+jDo^Be 2 *" (1) 

After slot synchronization, inter-slot phase error detector 320 carries out the calculation 
of formulas (2), (3) for the correlation outputs of two consecutive slots to perform delay 
detection. Tslot in formulas (2), (3) is the slot period. 



[0048] 

Mathematical Formula 2 

(2) 



When only the imaginary part of formula (3) is extracted, formula (4) is obtained. If it is 
used as the reference signal for frequency controller 240 (Figure 1), the frequency deviation can 
be eliminated. 

[0049] 

Mathematical Formula 3 

Inter-slot phase error detector 320 inputs the reference signal of formula (4) into 
frequency controller 240 (Figure 1). Frequency controller 240 generates the control signal for 
temperature-compensated crystal oscillator 250 (Figure 1) based on the inter-slot phase error and 
adjusts the local oscillation frequency of the mobile station appropriately to eliminate the 
frequency deviation. In this way, cell misdetection caused by frequency deviation can be 
prevented. 

[0050] 

Figure 4 is a flow chart illustrating the processing in the first embodiment. 

[0051] 

During the initial cell search, in the first step, slot synchronization is performed by 
detecting the first receive timing TP1 (step S401). Based on the slot synchronization result, phase 
error detector FC detects the phase error between the slots of the P-SCH channel and frequency 
control is performed (step S404). 

[0052] 

In the second step (step S402) of the initial cell search, frame synchronization and 
identification of the scramble code group are performed. In the third step (step S403), the 
scramble code is identified. 

[0053] 

After the scramble code is identified, frequency control based on common pilot channel 
CPICH is carried out (step S405), then transmission and reception are carried out using a good 
local oscillation frequency (step S406). The frequency control method based on common pilot 
channel CPICH is to determine the phase error between the received signal and the symbols or 
slots of the CPICH channel and output the result to frequency controller 240 shown in Figure 1 
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to control the frequency. It is also possible to use another common control channel instead of 
common pilot channel CPICH. 

[0054] 

The conventional initial cell search and frequency control will be explained based on 
Figure 19. During the initial cell search, the first step (step SI 801), the second step (SI 802), and 
the third step (step SI 803) are carried out in the same way as in the first embodiment. After the 
initial cell search is completed, frequency control based on common pilot channel CPICH is 
carried out, followed by transmission and reception. In other words, the conventional technology 
is unable to control the frequency if the initial cell search has not been completed. 

[0055] 

On the other hand, in the first embodiment, frequency control can be started once the first 
step of the initial cell search is completed. When it is carried out in parallel with the second step, 
the cell misdetection rate of the initial cell search can be reduced, and the frequency can be 
adjusted immediately once the initial cell search is completed. This can be referred to as real- 
time frequency adaptive control. 

[0056] 

Figure 16 is a block diagram illustrating matched filter MF. Matched filter MF performs 
"fast correlation of hierarchical correlation sequence." It can calculate the sum of products 
hierarchically and obtain the expected result for the sum of products. Matched filter MF shown 
in Figure 16 is formed by connecting matched filter MF1 of the first hierarchy and matched filter 
MF2 of the second hierarchy in series. However, it is possible to connect more matched filters in 
series in a hierarchical manner. 

[0057] 

Matched filter MF1 is equipped with m multipliers Ml 1-Mlm, delay circuits Dl 1-D1, 
m-1 that sequentially delay received signal Sin and input it into multipliers M12-Mlm, and adder 
ADD1 that sums the outputs of multipliers Ml 1-Mlm. 

[0058] 

On the other hand, matched filter MF2 has m multipliers M21-M2m, delay circuits 
D21-D2, m-1 that sequentially delay the outputs of matched filter MF1 and inputs them to 
multipliers M22-M2m, and adder ADD2 that sums the outputs of multipliers M21-M2m. 
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[0059] 

When received signal Sin is expressed as Sin(i), which is a discrete time series signal, the 
output Spsc[i] of matched filter MF can be expressed by formula (5). Here, the first 
synchronization code PSC is the hierarchical correlation sequence and is composed of sequence 
P[j] (j=0 - m-1) and sequence C(j] (j=0 - m-1). In the explanation, sequence P[j] and sequence 
C[j] has the same period, but the periods can be different. 



[0060] 

Mathematical Formula 4 

Sfrv[r]= SA< hj) XI* J div w)XC£j mxl m) 

J* (5) 

In this embodiment, a hierarchical configuration was explained. However, it is possible to use 

matched filters with another configuration. 

[0061] 

Figure 17 is a block diagram illustrating sliding correlation unit SC. Plural sliding 
correlators SCl-SCz are connected in parallel with respect to received signal Sin. Said sliding 
correlators SCl-SCz correlate the second synchronization (search) codes SSC[1], SSC[2], ... 
SSC[z] and the received signal Sin. 



[0062] 

Figure 18 shows a typical sliding correlator SCI. Sliding correlator SCI performs the 
correlation operation for in-phase component SinI and orthogonal component SinQ of the 
received signal. 



[0063] 

Sliding correlator SCI has multipliers Mil and MI2 for I component SinI of the received 
signal. Multiplier Mil sequentially multiplies the received signal SinI of the time series with the 
I components SSCI[1] - SSCI[z] of the second synchronization codes SSC[l]-SCC[z]. Multiplier 
MI2 sequentially multiplies the received signal SinI of the time series with the Q components 
SSCQ[1] - SSCQ[z] of the second synchronization codes SSC[1] - SSC[z]. 



[0064] 

Sliding correlator SCI also has multipliers MQ1 and MQ2 for Q component SinQ of the 
received signal. Multiplier MQ1 sequentially multiplies the received signal SinQ of the time 
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series with the Q components SSCQ[1] - SSCQ[z] of the second synchronization codes SSC[1] 
- SSC[z]. Multiplier MQ2 sequentially multiplies the received signal SinQ of the time series 
with the I components SSCI[1] - SSCI[z] of the second synchronization codes SSC[l]-SCC[z]. 
The output of multiplier Mil and the output of multiplier MQ1 are added by adder ADDI, and its 
output is input into integration/damping circuit INDI to calculate the correlation result AI[1]. The 
outputs of multipliers MQ2 and MI2 are subtracted by subtractor ADDQ, and its output is input 
into integration/damping circuit INDQ to calculate the correlation result AQ[1]. 

[0065] 

The second synchronization code is generated by spread code generating circuit SCG. 

[0066] 

Second embodiment 
[0067] 

Figure 5 is a block diagram illustrating the cell search block in a second embodiment of 
the present invention as well as the connections of the cell search block that involve the FC block 
and AFC block. The entire configuration of the mobile station (Figure 1) is the same as that in 
the first embodiment. Only the connections of the cell search block involving the FC block and 
the AFC block are different from those of the first embodiment. 

[0068] 

In Figure 5, only the connections of the cell search block and the phase error detector FC 
are different from those of the first embodiment, while the rest of the constituent parts are the 
same. Consequently, except for phase error detector FC, the symbols shown in Figure 1 are used 
to represent the same constituent parts, so that their explanation will not be repeated. 

[0069] 

Only the output of matched filter MF and the output of correlated power calculator PW 
are connected to phase error detector FC. The phase error detector is not connected to timing 
detection processor. 

[0070] 

Figure 6 is a block diagram illustrating the phase error detector FC of the second 
embodiment along with the matched filter MF and correlated power calculator PW. 
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[0071] 

Phase error detector FC has a peak detector 610 into which the output of correlated power 
calculator PW that calculates the correlated power (signal power) of matched filter output Spsc is 
input. Peak detector 610 compares the correlated power calculated by correlated power 
calculator PW with a threshold value. The peak position is equivalent to the first reception timing 
detected by timing detection processor. 

[0072] 

The output of peak detector 610 is input to clock generator 620. Clock generator 620 
generates clock CLK2 continuously at the timing of the peak position. Clock CLK2 is equivalent 
to clock CLK1. 

[0073] 

Phase error detector FC also has sample-and-hold circuits 630, 640 in two stages. Said 
sample-and-hold circuits 630, 640 are synchronized with clock CLK2 to hold matched filter 
output Spsc. The outputs of sample-and-hold circuits 630, 640 are input into inter-slot phase 
error detector 650. 

[0074] 

One output Spsc is held in sample-and-hold circuit 630 at a slot timing and is sent to 
sample-and-hold circuit 640 at the next slot timing. Then, correlation output Spsc is held at a 
new slot timing. 

[0075] 

Consequently, sample-and-hold circuit 640 outputs the correlation output Spsc to inter- 
slot phase error detector 650 one slot after sample-and-hold circuit 630. 

[0076] 

In this way, the correlation outputs at the peak positions of two consecutive slots are 
input in parallel to inter-slot phase error detector 650. 

[0077] 

Inter-slot phase error detector 650 detects the phase error by means of delay detection in 
the same way as inter-slot phase error detector 320 in the first embodiment and inputs the 
reference signal to frequency controller 240. Frequency controller 240 generates the control 
signal for temperature-compensated crystal oscillator 250 (Figure 1) based on the reference 
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signal and adjusts the local oscillation frequency of the mobile station appropriately to eliminate 
the frequency deviation corresponding to the phase error. 

[0078] 

If the peak position is detected without using timing detection processor as described 
above, frequency control can be started before the end of the first step (slot synchronization) of 
the initial cell search so that the frequency can be obtained earlier. In this way, it is possible to 
prevent cell misdetection caused by frequency deviation. 

[0079] 

Figure 7 is a flow chart illustrating the processing of the second embodiment. 

[0080] 

In the initial cell search, the first step (slot synchronization: step S701), the second step 
(frame synchronization and identification of the scramble code group: step S702), and the third 
step (identification of the scramble code: step S703) are carried out sequentially. During the first 
step, the peak of the matched filter output is detected for each slot (step S704). The phase error 
between the slots for the signal after inverse spread at the detected peak point is detected, and 
frequency control is performed (step S705). 

[0081] 

After the scramble code is identified, frequency control based on common pilot channel 
CPICH is carried out (step S706). Transmission and reception is then carried out using a good 
local oscillation frequency (step S707). It is also possible to use another common control channel 
instead of common pilot channel CPICH. 

Third embodiment 
[0082] 

Figure 8 is a block diagram illustrating the cell search block in a third embodiment of the 
present invention as well as the connections of the cell search block involving the FC block and 
AFC block. The entire configuration of the mobile station (Figure 1) is the same as that in the 
first embodiment. Only the connections of the cell search block involving the FC block are 
different from those of the first embodiment. 
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[0083] 

In Figure 8, the connections of the cell search block involving the phase error detector FC 
are different from those of the first embodiment, while those involving the rest of the constituent 
parts are the same. Consequently, except for error detector FC, the same symbols shown in 
Figure 1 are used to represent the same parts so that their explanation will not be repeated. 

[0084] 

Only the output of matched filter MF1 in the first hierarchy of matched filter MF (with 
appended symbol "Spc") is connected to phase error detector FC, which is not connected to 
timing detection processor. 

[0085] 

Figure 9 is a block diagram illustrating phase error detector FC of the third embodiment 
along with matched filter MF. 

[0086] 

Phase error detector FC comprises correlated power calculator 900, into which the output 
Spc of matched filter MF1 in the first hierarchy is input, and peak detector 910, into which the 
output of said correlated power calculator 900 is input. Correlated power calculator 900 
calculates the signal power (absolute value) of output Spc to determine the correlated power. 
Peak detector 910 compares the correlated power calculated by correlated power calculator 900 
with a threshold value to detect its peak position. 

[0087] 

In Figure 10, if the number of taps of matched filter MF1 is m, the interval Tslot of the 
peak of the output Spc of matched filter MF1 is equal to Tslot/m. 

[0088] 

The output of peak detector 910 is input into clock generator 920. Clock generator 920 
continuously generates clock CLK3 at the timing of the peak position. 

[0089] 

As shown in Figure 10, plural (m) correlation peaks can be detected from the output Spc 
of MF1 during 1 symbol period of the first synchronization channel P-SCH. Since the interval 
between the correlation peaks (Tslot 1) is within 1 symbol, it is called sub-symbol in this case. 



[0090] 

Phase error detector FC also has sample-and-hold circuits 930, 940 in two stages. Said 
sample-and-hold circuits 930, 940 are synchronized with clock CLK3 to hold output Spc. The 
outputs of sample-and-hold circuits 930 and 940 are input into inter-subsymbol phase error 
detector 950. 

[0091] 

One output Spc is held in sample-and-hold circuit 930 at one sub-symbol timing and is 
sent to sample-and-hold circuit 940 at the next sub-symbol timing. Then, correlation output Spc 
is held at a new sub-symbol timing. 

[0092] 

Consequently, sample-and-hold circuit 940 outputs the correlation output Spc to inter- 
subsymbol phase error detector 950 one sub-symbol at a time downstream of sample-and-hold 
circuit 300. 

[0093] 

In this way, correlation outputs at the peak positions of two consecutive sub-symbols are 
input in parallel to inter-subsymbol phase error detector 950. 

[0094] 

In the same way as inter-slot phase error detector 320 of the first embodiment, inter- 
subsymbol phase error detector 950 detects phase errors by means of delay detection and inputs a 
reference signal into frequency controller 240. Frequency controller 240 generates a control 
signal for temperature-compensated crystal oscillator 250 based on the reference signal and 
adjusts the local oscillation frequency of the mobile station appropriately to eliminate frequency 
deviation. In this case, since a sub-symbol is within one symbol, it is also possible to detect the 
phase error between sub-symbols by interpolating sub-symbols from plural sub-symbols. 

[0095] 

If the peak position of output Spc of the matched filter MF1 in the first hierarchy is 
detected as described above without using timing detection processor, the frequency can be 
adjusted earlier than that in the second embodiment. In this way, cell misdetection caused by 
frequency deviation can be prevented. 



[0096] 

Also, since period Tslotl is as short as 1/m of Tslot, the detected phase errors become 
smaller compared with those in the first and second embodiments based on matched filter output 
Spsc, so that the possibility that said error will appear in the adjustable range is greater. 
Consequently, the frequency is easily adjusted. The frequency adjustment range is within the 
normal phase difference (±ti/4). If the error is outside this range, another parameter will be 
required to determine the adjustment direction. 

[0097] 

In general, there is a high probability of a large frequency deviation immediately after 
reception is initiated in the mobile station. In most cases, it is preferred to control the frequency 
depending on the output Spc of matched filter MF1 in the first hierarchy in the third 
embodiment. 

[0098] 

If the operation by correlated power calculator 900 is performed by correlated power 
calculator PW, correlated power calculator 900 can be omitted. 

[0099] 

Figure 1 1 is a flow chart illustrating the processing in the third embodiment. 

[0100] 

During the initial cell search, the first step (slot synchronization: step SI 001), the second 
step (frame synchronization and identification of the scramble code group: step SI 002), and the 
third step (identification of the scramble code: step SI 003) are carried out sequentially. During 
the first step, the correlation output for the output of matched filter MF1 is output (step SI 004), 
and the correlation peak of MF1 for each slot is detected (step SI 005). In this case, the phase 
error between plural correlation peaks in one symbol is detected, and frequency control is 
performed (step SI 006). 

[0101] 

After the scramble code is identified, frequency control based on common pilot channel 
CPICH is carried out (step SI 007). Transmission and reception is then carried out using a good 
local oscillation frequency (step SI 008). It is also possible to use another common control 
channel instead of common pilot channel CPICH. 



[0102] 

In the third embodiment, only the output of MF1 is used. It is also possible to further 
divide MF2 into plural partially correlated matched filters, use their output (except for the final 
output of MF2) to detect the phase error between the sub-symbol correlation (partial correlation) 
outputs in the same way, and perform frequency adjustment based on said phase error. 

Fourth embodiment 

Figure 12 is a block diagram illustrating the cell search block in a fourth embodiment of 
the present invention as well as the connections of the cell search block involving the FC block 
and AFC block. The entire configuration of the mobile station (Figure 1) is the same as that in 
the first embodiment. Only the connections of the cell search block involving the FC block are 
different from those of the first embodiment. 

[0103] 

In Figure 12, the connections of the cell search block involving the phase error detector 
FC are different from those of the first embodiment, while the rest of the constituent parts are the 
same. Consequently, except for phase error detector FC, the symbols shown in Figure 1 are used 
to represent the same constituent parts and their explanation is omitted. 

[0104] 

The output Spc of matched filter MF1 in the first hierarchy of the matched filter MF and 
the output Spsc of matched filter MF are connected to phase error detector FC, which is not 
connected to timing detection processor. 

[0105] 

The fourth embodiment has a configuration that selectively embodies the second, third 
embodiments. 

[0106] 

Figure 13 is a block diagram illustrating the phase error detector FC of the fourth 
embodiment along with matched filter MF. 

[0107] 

Phase error detector FC comprises a multiplexer 1210, into which the output Spc of 
matched filter MF1 in the first hierarchy of the matched filter MF and the output Spsc of 
matched filter MF are input. The output of multiplexer 1210 is input to correlated power 



calculator 1220; in other words, output Spsc or Spc is input selectively into correlated power 
calculator 1220. Correlated power calculator 1220 calculates the signal power (absolute value) of 
output Spsc or Spc to determine the correlated power. The same operation performed by said 
correlated power calculator PW is carried out by said correlated power calculator 1220. 

[0108] 

The output of correlated power calculator 1220 is input to peak detector 1230. Peak 
detector 1230 compares to the correlated power calculated by correlated power calculator 1220 
with a threshold value to detect its peak position. 

[0109] 

The output of peak detector 1230 is input into clock generator 1240. The clock 
generator 1240 continuously generates clock CLK4 at the timing of the peak position. Clock 
CLK4 is the same as clock CLK2 or CLK3. 

[0110] 

Phase error detector FC also has sample-and-hold circuits 1250, 1260 in two stages. Said 
sample-and-hold circuits 1250, 1260 are synchronized with clock CLK4 to hold output Spsc or 
Spc. The outputs of sample-and-hold circuits 1250 and 1260 are input to inter-slot or inter- 
subsymbol phase error detector 1270. 

[0111] 

If output Spsc is selected in multiplexer 1210, clock generator 1240 generates clock 
CLK4 (CLK2) with a slot period approximately in the same way as described in the second 
embodiment. If output Spc is selected, it generates a clock CLK4 with a period of Tslotl = 
Tslot/m. 

[0112] 

The output of the multiplexer is held in sample-and-hold circuit 1250 at a slot or sub- 
symbol timing and is sent to sample-and-hold circuit 1260 at the next slot or sub-symbol timing. 
Then, correlation output Spsc or Spc is held at a new slot or sub-symbol timing. Consequently, 
sample-and-hold circuit 1260 outputs the correlation output Spsc or Spc to inter-slot or inter- 
subsymbol phase error detector 1270 at a time downstream of one slot or sub-symbol sample- 
and-hold circuit 1250. 



[0113] 

In this way, correlation outputs at the peak positions of two consecutive sub-symbols are 
input in parallel to inter-slot or inter-subsymbol phase error detector 1270. 



[0114] 

Inter-slot or inter-subsymbol phase error detector 1270 detects the phase error by means 
of delay detection in the same way as inter-slot phase error detector 320 in the first embodiment 
and inputs a reference signal to frequency controller 240. Frequency controller 240 generates the 
control signal for temperature-compensated crystal oscillator 250 (Figure 1) based on the 
reference signal and adjusts the local oscillation frequency of the mobile station appropriately to 
eliminate the frequency deviation corresponding to the phase error. 

[0115] 

If outputs Spsc, Spc are used selectively for frequency control as described above, 
frequency control that is optimal for a given situation can be realized. For example, since the 
frequency deviation is relatively high immediately after transmission/reception of the mobile 
station is initiated, output Spc is used. Thereafter, output Spsc is used for frequency control. In 
this way, cell misdetection caused by frequency deviation can be prevented. 

[0116] 

Figure 14 is a flow chart illustrating the processing in the fourth embodiment. 

[0117] 

In the initial cell search, the first step (slot synchronization: step SI 301), the second step 
(frame synchronization and identification of the scramble code group: step SI 302), and the third 
step (identification of the scramble code: step S1303) are carried out sequentially. During the 
first step, a selection (step SI 304) is made. Process control is then selectively directed to steps 
SI 305, SI 305 as the processing in the second embodiment or steps SI 307, SI 308, SI 309 as the 
processing in the third embodiment. 

[0118] 

During the processing of the second embodiment, first, peak is detected in the matched 
filter output for each slot (step SI 305). The phase error is detected between the slots for the 
signal obtained after inverse spread at the detected peak point, and frequency control is 
performed (step SI 306). 



[0119] 

In the processing of the third embodiment, the correlation output for the output of 
matched filter MF1 is output (step SI 307), and the correlation peak of MF1 for each slot is 
detected (step SI 308). Then, the phase error between plural correlation peaks is detected, and 
frequency control is performed (step SI 309). 

[0120] 

Then, the processing result of the second embodiment or the processing result of the third 
embodiment is selected (step SI 3 10). 

[0121] 

After the scramble code is identified, frequency control based on common pilot channel 
CPICH is carried out (step S131 1). Transmission and reception is then carried out using a good 
local oscillation frequency (step SI 3 12). It is also possible to use another common control 
channel instead of common pilot channel CPICH. 

[0122] 

In the aforementioned embodiments, the phase error is detected by delay detection to 
generate the reference signal for frequency control. However, it is also possible to use another 
phase error detection method or frequency control method, for example, the method described by 
Y. Wang and T. Ottoson in "Initial Frequency Acquisition in W-CDMA" (IEEE Vehicle 
Technology Conference 1999). 

[0123] 

Effect of the invention 

According to the present invention, it is possible to prevent cell misdetection caused by 
frequency deviation. 

Brief description of the figures 

Figure 1 is an overall block diagram illustrating the first embodiment of the mobile 
station in W-CDMA communication system disclosed in the present invention. 

Figure 2 is a block diagram of the cell search block and the connections involving the 
AFC block shown in Figure 1 . 

Figure 3 is a block diagram illustrating the phase error detector shown in Figure 2. 

Figure 4 is a flow chart illustrating the first embodiment of the frequency control method 
disclosed in the present invention. 
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Figure 5 is a block diagram of the cell search block and the connections involving the 
AFC block in the second embodiment of the mobile station. 

Figure 6 is a block diagram illustrating the phase error detector in Figure 5. 

Figure 7 is a flow chart illustrating the second embodiment of the frequency control 
method disclosed in the present invention. 

Figure 8 is a block diagram of the cell search block and the connections involving AFC 
block in the third embodiment of the mobile station. 

Figure 9 is a block diagram illustrating the phase error detector in Figure 8. 

Figure 10 is a diagram comparing the output Spsc of matched filter MF and the output 
Spc of matched filter MF1 in the first hierarchy. 

Figure 1 1 is a flow chart illustrating the third embodiment of the frequency control 
method disclosed in the present invention. 

Figure 12 is a block diagram of the cell search block and the connections involving the 
AFC block in the fourth embodiment of the mobile station. 

Figure 13 is a block diagram illustrating the phase error detector in Figure 12. 

Figure 14 is a flow chart illustrating the fourth embodiment of the frequency control 
method disclosed in the present invention. 

Figure 1 5 is a conceptual diagram illustrating the general transmitted signal frame 
configuration in the 3-step cell search method. 

Figure 16 is a block diagram illustrating the matched filter in Figure 2. 

Figure 17 is a block diagram illustrating the sliding correlation unit in Figure 2. 

Figure 18 is a block diagram illustrating one sliding correlator in Figure 17. 

Figure 19 is a flow chart illustrating the conventional frequency control method. 

Explanation of symbols 



CLK1, CLK2, CLK3, CLK4 

Gc[i,j] 

PSC 

SSC[i] 

MF 



First synchronization code 
Second synchronization code 
Matched filter 
Sliding correlation unit 
Frequency controller 
Phase error detector 



Clocks 



Scramble code 



SC 



AFC 



FC 



TDP 



Timing detection processor 
Multiplexer 

Correlated power calculators 



1210 



600, 900, 1220 
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2312 

610,910, 1230 
620, 920, 1240 

300, 310, 630, 640, 930, 940, 1250, 1260 

320, 650 

950 

1270 



Inverse spread demodulator 

Peak detectors 

Clock generators 

Sample-and-hold circuits 

Inter-slot phase error detectors 

Inter-subsymbol phase error detector 

Inter-slot or inter-subsymbol phase error detector 
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Key: 260 System clock generation 

2201 Spread modulation 

2206 Orthogonal modulation 

2207 TX frequency synthesizer 
2304 RX frequency synthesizer 
2307 Orthogonal detection 

23 1 2 Inverse spread demodulation 
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Key: a Timing detection processor 

b Power 

c Scramble code identification part 

PW Correlated power 

JP 1 Judgment unit 

TGI Timing group specification unit 

CAP In-phase addition 

PWA Correlated power average 

JP2 Judgment unit 

JP3 Judgment unit 
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Key: 320 Detection of inter-slot phase error 
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Key: a Initial cell search 



5401 First step (slot synchronization) 

5402 Second step (frame synchronization and identification of scramble code group) 

5403 Third step (identification of scramble code) 

5404 Detect phase error between the slots of P-SCH channel and perform frequency 
control 

5405 Control frequency based on CPICH channel 

5406 Transmission and reception 









ft 1> O 

• 

i 
i 




L'W 1 | 




I 
* 








^^^^ 




1 M ISM : 


■ 


! >1 


^^^^^ 




. - • 


1 


« *" • - . — 


— i 


A ? C 




je c 


1 i 




; 



t.t? r — . 



T" }' 1. 



-I J 

• 



y 
ft 

Sii 



Ad!! 




M K M 2 



W « 



T C-j J 



ft 10;*?? 



• 

CAP 



Tu 2 





© 



saw 

I 



'""" 1 W 



© 

Figure 5 



Kiff fcifj! 




a Timing detection processor 

b Power 

c Scramble code identification part 

PW Correlated power 

JP 1 Judgment unit 

TGI Timing group specification unit 

CAP In-phase addition 



PWA Correlated power average 
JP2 Judgment unit 
JP3 Judgment unit 
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Key: PW Correlated power 

6 1 0 Peak detection 

620 Clock generation 

650 Detection of inter-slot phase error 
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a Initial cell search 

5701 First step (slot synchronization) 

5702 Second step (frame synchronization and identification of scramble code group) 

5703 Third step (identification of scramble code) 

5704 Detect the peak in the matched filter output for each slot 

5705 Detect the phase error between the slots for the signal obtained after inverse 
spread at the detected peak point, perform frequency control 

5706 Control frequency based on CPICH channel 

5707 Transmission and reception 
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Figure 8 




a Timing detection 

b Power 

c Scramble code identification part 

PW Correlated power 

JP 1 Judgment unit 

TGI Timing group specification unit 

CAP In-phase addition 

PWA Correlated power average 

JP2 Judgment unit 

JP3 Judgment unit 
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Key: 900 Correlated power 

910 Peak detection 

920 Clock generation 

950 Detect phase error between sub-symbols 
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Key: a Slot 

b Symbol 
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Key: a Initial cell search 

SI 001 First step (slot synchronization) 

SI 002 Second step (frame synchronization and identification of scramble code group) 

S 1 003 Third step (identification of scramble code) 

SI 004 Output the correlation output of matched filter (MF1) in the first hierarchy of the 
hierarchical matched filter 

51 005 Detect the correlation peak of MF1 for each slot 

51 006 Detect the phase error between the plural correlation peaks in the symbol 

51 007 Control frequency based on CPICH channel 

51 008 Transmission and reception 
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Key: a Timing detection processor 

b Power 

c Scramble code identification part 

PW Correlated power 

JP 1 Judgment unit 

TG 1 Timing group specification unit 

CAP In-phase addition 

PWA Correlated power average 

JP2 Judgment unit 

JP3 Judgment unit 
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Figure 13 



1 220 Correlated power 

1 230 Peak detection 

1 240 Clock generation 

1270 Detect inter-slot or inter-subsymbol phase error 

240 AFC control 
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Key: a Initial cell search 

SI 301 First step (slot synchronization) 

SI 302 Second step (frame synchronization and identification of scramble code group) 
SI 303 Third step (identification of scramble code) 

51 304 Select 

51 305 Detect peak in the matched filter output for each slot 

51 306 Detect the phase error between the slots in the signal obtained after inverse spread 
at the detected peak 

SI 307 Detect the correlation output of the matched filter (MF1) in the first hierarchy of 
the hierarchical matched filter 

51 308 Detect correlation peak of MF1 for each slot 

51 309 Detect phase error between plural correlation peaks in a symbol, perform 
frequency control 

51 3 10 Select 

5 1 3 1 1 Control frequency based on CPICH channel 

5 1 3 1 2 Transmission and reception 
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a 
b 

c 



1 frame (n slots) 
1 slot (N symbols) 
1 symbol (M tips) 
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Key: AI[ 1 ] Integration/damping circuit 
AQ[1] Integration/damping circuit 
SCG Spread code generator 
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Key: a First step 

Receive P-SCH channel 
b Second step 

Receive S-SCH channel or 

Receive S-SCH and P-SCH channels at the same time 
c Third step 

Receive CPICH channel 
d Receive CPICH channel 
e Cell search 
f Initial cell search 

51 801 Detect slot timing with matched filter (slot synchronization) 

5 1 802 Frame synchronization and identification of scramble code group performed by 
sliding correlator 

51 803 Identify scramble code by using sliding correlator 

51 804 Adjust frequency 

5 1 805 Transmission and reception 
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7>3-Fi£IS5gU .r*i<^?7y7>3-F£Jg 

gtco^^7>^;P3-F^-r^(t, ^x^^yy 

^3-F^-T£#£-fS£a603S2H»|3-F (if 

■v^-/H fc<fctfiS2l^fi3-F*^ffij££fi.£3l2|3| 
te, Sftfl-f tc*t ITC, SEl^B3-Htfflv^ffiBB« 
y/Un.yF|3HW) fcfciB-fSfcfcfcfc. WMMfcO 

t, MfSSSlgft^M Sy^T-B2|§|»i3-F*ffllr^ 
ffiB8St»£frV\ £OfflM«g£3l(c«oVT?il2gfI 

*m ivy (yv-Afm) zmmt&tbuz. x? 

'$L£i\£zZ7yy7')l-a—Vy)U—y°l,Z-£&tlhZ7y 
7tl>v-V£ftfet&m3XTv7'k£.£'>XW®*ll> 

&s«E*ft5£u ^mm^y^Mzx->xms 

«a©«OE?(5rv-yf-F7^;^i:, Ztit>-?y 

*F7 4)V9<F>. R^l<7)-7 y^-F7-f &<fc 

iffmmmvyt yf-V7< >v9 taxtfAJj £*u -r ft 

IcOV yf-F^-f/U^coHJ^^A^Sfi. ^Offl^m^j 



HU«-e yf-F7^/^oai^ (WT WffllSj 

mm^t zmiKm&miw&k . zm&mvmn 
mmmmmmzx x®&ztiKmmmzttmi-& 

[0014] ^wizmwrnmizti^x , mwm® 
&mt. tmm£&mi\mfmmzxix»iiitz>. 

[00 15] 

imkomWnBB] 5Jctc*fKBfc:ffiiW-CDMAa 

mmsizm^xmmti . 

[00163 01 5tt 3HHte;Mf-f-*««MRW$r 
[0017] 3SIBH:/H--f"**T , tt. £»/<>f o 7 

hf^y^cpicH, mftfta (if-f-) -fA-y^ 
^p-sch, S2|hI^ (-t-f-) f-vy^;ps-sc 

H^'igtt^iii, . fta^M d -y f f-v y*>vc pich 

*lHJW3-KPSC*«flMlSit6. 

[00 18] Sti^{iX^7y7'/P3-FGC [ i , 

j] ( i = l~P, j = l-q) CJ:->T«ffe5il. £ 
it<i)X^7y7'^3-FGC [ i , j ] (iSI!COX75 
y7;l/3-F^-7SCMG [ i ] (i = l~p){C 

[0019] m2mwtf-vy*>us-scHX'\z. %2 

Pl«!3-F (-t-f-3-F) SSC [ i ] (i = l~ 
z) tf&mZtL. %2mMa-V<r)m*£*>itlz£iX 

\Wn>X7 vyy'^-Wiv- tscmg [ i ] im 

[0020] Hi 5iZH^X. 17U-A^$lrn 
CXU'y F/l 71^-AD XN (yy,WUD7 

F3 xm [f-yr/i yy-tou] tu fBiRJWs-F* 
PSCfcJ:^2|Bl^3-FSSC [ i ] ickfcfflNft 

Sil7W^ni(W7 FSctffla) OSfl^ 
4 S.y^X"fioZkklX\^. 
[00 2 1 ] jSflMMtfaaiaaWiQ P S K (Quad 
rature Phase Shift Keyin 

e)x-f> t ). mmm^imm^ a Am axim* 
im 1 11 1 i&mom 1 ^w^tcfctts 
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[00 2 2] m>mZ7yr~t 2 00b. ZCDTyTT 

200 iz®nznt:m%mv}®3/B (TJ.rv?+r) 21 

0fc£*U -IO>MgfHW82s (fa71/n) 2 1 0 
fci£fl«2 2 0. 3jI»2 3 0#Se§*Vt^&. MS 

ftwrnss (fari/?t) 2 1 o{±i*itgP2 2 ocoma 

fc. *fi»2 3 0O«afc^KL. SSfcB&jfct*. 
[0023] i*ftSS2 2 Oti, j^tt^rS^/HI* 
£8^*ttft£ilia2 2 0 1 . Zcr>&mm&2 2 

0 1 cor S/**wai:fc<&H«JS# ( 1 m ) , iS3c6Sc^- 

•7tny^a2202, 22 03*#ti. Tx* 
7r a/^JftSB2 202, 2 2 0 3 CD&jMZtl? 
tia-JSA7 a 220 4, 2 2 0 SCJ^T/'f X 

[00241 D-A-X7-JW2204, 22 0 5<7)tiJ 

atMBSaH*2 2 0 6fcA:&3ft.. iMN-*#fflMM> 
Plffllfcfr ( IIS*) , tt£fi!c# (Qj«#> SrloOQP 
SK (Quadrature phase shift 

keying) SJWg^tCSStf *. 

[0025] mzsztm 2206 icu^mMK^ y-t 

iM if 2 2 0 7 mW&tl. QP S KgHOfcrttftfam 

ja«s#g*£§its. 

[0026] 2206 oai^ti^^-f Vif 

2 0 84CJ: ofiilSiXJtft, Ay Y>*A7 4 )V 

^2209tc<t-p T0r^ wmmm^m^t h . 

Ay FAX 7 4 A* 2 2 0 9<7)ffi^{i. iMft/g^^ 
y-fciM -f 2 2 0 7 wajy 1 ) 1 1 i> Iz S * -f 2 2 1 0 £A 
7]£ii, S33£it3>. W<y^«7-f;^2 2l 

1 &0r®a*iWc^^aaj, "raw^ y**i3§ 2 2 

12(cJ:«JM. !*Jil§S2 213tJ:«.iigSr^ 

[0027] gfi3&2 3oij. mzmwims (Ta.ru 

9*T) 2 1 0Cfttt3*ifcffiSNF*WM»2 3 0 1. 
<B3l£i§fl§§2 3 0 1 flitiACfcltSffi^lBRfeWO 
fl-f *Wkth*V HA* 7 a )V9 2 3 0 2 1 Srlrt 

[00 28] AyHy\"X7^;l/^2 3 0 2«7>aj^l(i. S 
flMRHK ^ f -b if A if 2 3 0 4 tftgg $ fifc * df if 2 3 
0 3(cA?]§it. +EWSIHftfi#K3Sl$*iS. 

2 3 0 30tfcW£A>- KA* 7 -< /l/? 2 3 0 5 £ J: £J?r 
JSBiH»«4W)«iaj, TOMM ytiH§52 3 0 6tcJ:l> 
JDSfcfifca. X£tta&P2 3 0 7KJ: oT13c^$ 
itS . B£&&as 2 3 0 7 £tt»t«ttfti'>'-blM if 
2 3 04A<tm$itT^I>< > 

[0029] K3<^tgP2 3 0 7(i£flfI#?)|I]ffijfcft 

( i**) . mum (qj&»-) *ttaii/c. -eit-m 

nwU7^/^2 3 08. 2 3 0 9 £ «fc £ / 4 XBfc£ 
<7>f££, Ttoy- ■ T'J?)VgSm2 3 1 0. 23 1 1 



[0030] 7tn/ • fy?^2 310, 23 

1 i<n>&ti\tmmm&2 3 1 2fcAfl$*uetti*3 

itS. 

[0031 ] § (ZXttttOWffi 2 3 1 2 li. 5MM» 

ft, S^Sgft^-f S>-^T'ftSftfi-f<7)fifflM^PE 
LT , 24 0 tATJ-f h . fflttft8l 

WIS 2 4 0 tt&K*fffi*A&e& 2 5 0 te» W«WI 

& 2 5 0 tCJi A ? n y ?£f£gff 2 6 0 

it, m.%mmm%2 5o<r)mmm®.s:ftffiix 
220 7^ j:tf3ma»R5'>'*ihf-y 2 3 0 4usk 

ffifit* B B B f!ig3S2 5 OtS«$ii, iaSffl«* B B B &fif§ 

2 5 o<r)mm.mm^t Ltzm&s&fio . $ t 

(3i!»iflt*AftSB 2 5 0 oaj^U^^-fA^ a -y ^ 

4*gP2 6 0teA7l$it, iil<?)^fA^D7^C 

LK0<O£j£fc:ffiffl£itS. 

[0032] iM^aafeiSrfXifflgp 2 3 l 2lit;Pt-f, 

•fe/Pif-r • /D'^tFC/ny? (gBi) fc AFC 

/o >y ^ t <r>imm%^thcoThi . 

[0033] -b/l/if-T • 7'o-y^tefi, gflfl-f S i 
n #A71 $ it l> V y f- K 7 -f lV9 M F fc J: t/X y -f r -f 

fl»S i ntenWitt ( I S i n I , WJaSto 
(Q^) S i nQt £*)%&&mT-?X'$>Z. 
[0034] 7 7 f H 7 4 /V?MF<i£fHl-s§-S i nt 
*H^«3-KPSCttf)fflW»3l*ffV\ -TftttJTlS 
Psc{iffiW*73l+*a5PWtcA7l$it, fflM?!*^ 

fTSftjDmSs A DDfc ^fc-frT ^ o -y b *{4^fflRl^i: 
»Spsc i, Qt^Sps cQti 0=5r^}S^r-? 

[0 0 35] X=j-\T4V7^)V-f1&SC\$m.<r) 

^7^(f^y/3 | Ji'-^sci-scz (0i7# 

S3) Zco&jjA [ i ] (i = l~z)(±,^ 

* 'J M E M 2 TftttS <lita, 

[00 36] 'JMEMltiJn»HADDc9tii?l£l 

mmmuzmz. nmts add zw®. 
tm^A d DttMm&mtz 1 -y h^w^ffiwrn^?: 
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mmfmii * mtmt i . mummma . 1 

xn-/h ( 1XD7 Yfm<?)2r><?)im%-h) . fc*.^ 

[ 0 0 3 7 ] ffiB«tti*M SV^aj«TDPOflSg 

8lg<I:M5y7*Tpl#fl*ta3*U>. COS 15(1 
?4 Zy/Tp 1(401 5<?)l^n>yh<5D^S:4x, 

[00 38 J miSfl^^5>-^Tp K475-fT4y 

-*sci~scz<ogfi?>f $y?tf&fczti&. x 

74T4>?3\)l'-?SC 1— S C z (4-eft-fftJS 2 
RJfln-FSSC [1] -SSC [z] fcgftft-^S i 

A [1] -A [z] litMiymM [ i , j ] (i=l 

~z:j=l~n) tLT^t'JMEM2(ClStt$ni»„ 
frfc, y^XAM [ i , j ] JilffcftAMI [ i , 

j] fcQj£#AMQ [i, j] t£*)%hm;T-9X' 

[0 0 39] 94 5y^ffl»TDP{i»l«8^'f S 
y/TPlfc#j&Ut70-y?CLKl££j£U .I<7) 
:?n-y7CLKl£, ?7f F7 4 ;^MF<Oi±S^jKgf 

g?FC(45ftfi^S i n^jj8Si:^iil^g|5||«jg 

I 0 0 4 0 ] 9 A X V? • y^-m^UTG I (4. ■? 
MA/77AM [ i , j ] ( i=l~z; j=l~n) CDgJiS 

[l] -scmg [p] &m?Wlfe(r)®.-ir&*-r->PG 

C [ i , j , k ] ( i =l~z ; j =l-n , k=l~n ) (COM 

2(iHiOX7 7>-/^3-K^l— TSCMG [g] 
*4. %2 ! %&*4 S^y , li7>-A«Mm, 7 

[ 0 0 4 1 ] Srfc. 5 • //U-7l#5g$TG I 
T14, ±ISc7)|5lffljDflC^CAP i y)|5lffiJn»JiaS^«B& 
U SScVFU >y?7AM [ i . j ] (i=l~z;j=l~ 

n> *<9fI^m7J (ffittff) K 

t^i^M^^-yGC [ i , j . k] ( i=l-p; 

j=i~ z ,k=i-n) iz^xmm^K ZVfe 
mz-o^xfflfflmt&zt wmx-hz. 

[004 2] mzhh*-7y>7)V-i-Y7')\'-rSC 

MG [ i ] izitiixhxty yy>ua- FGC [ i , 



j] (i = i~P. j = i-q)t:o^U7^(f-fy 

/aUW-i'WSCAfciO. Sflft^S i ni^5 

y/;i/3- f kgM'W a-yhf-r y*/uo?-v 
-tf- x a y 3 - F t Vttfflffig. £ ft o . C coffiMil*^ 

H(Sth [1] , Sth [2] Sth 

[k] ) fcowc. IsJfflJfcfr ( IJfcfr) i:lt3afc# (Q 
Jfcft) Sit 1 is>X)Vh KimWLisyXMzbt: *)* 

^1)081 (MEM3 1 , MEM32 MEM3 

9) t&**v®i&tomm®to£ZV9mtim.L. 

#^*UlHl8S (MEM3 1 , ME M 3 2 ME 

M 3 9 ) a$3£$£S*i&l§IR£J: 0 . fcDfiW] 

(mm) u (mm) 

<rw$)mmm%m-fhzti,z±-ox. w&ujpsh 

X-7yV7)l>a-YGC [ i ,1] ~GC [ i .q] (7)1 
[ 0 0 4 3 ] EI 3 iittfflK&tftiiJffi F C £ V -y f- F 7 a 

A>f m f 1 1 1> n^-r 7*0 7 7 bj-c * & . 

[0044] fiMBSU&«iaj»FCI4v-jff-F7-<;^a! 

?j s p s c ttKhZtih 2ms^yriu^->uv 3 0 

0. 3 105r^L. ifi^-ty7°;U*-;UFIs]SS3 0 
0. 3 1 Q\t?4 5>-^ajgPTDPCD^o.y7CLK 

;PF[III&300t3l 0^Jil7]{ixn-y brafiffil^ll^ 
liilfP3 2 0HA7)$ill.. 7n-yi7CLKl(i. fflMJU 

c (47. o -y h 9 4 5 y jT'T't y T)Vilr<.-)V F0S53OO 

F@»310CCiSSii. ^LTfrLv>7D.y h^-f 5 

y^-cffiRiaj^sps c£ftft-rs. «!ottyr;w 

F ESS 3 1 0 V7lV*-)V H [HS§ 3 0 0 CO 1 7 

o -y FMcDisB9a375 s P sc£7o.y hrafafflffineia} 

»3 2 0taj*5n6Cl:i:*4. 
[0045] wWcioTXQ-y FlSJffiffl^^ajgS 3 
2 0fc{ia«S!L3t2XOyFotf-7<aSt*3(tSfflBI 

[0046] IBWai* S p s c <r>m&&9t* D i . B!3C 

a»H8«ia»i:^)flias:Af . u#st, &®m.<?>m 

[0047] 
[SI] 

7o-y MaaffiMssmiflo 2 0(4707 FRwaic. 

^K27Uy bOffiPiajfifcOVvaS (2) , (3)<7) 

?«»s:^tlt. mmtmz'uo. ( 2) , 

( 3 ) tfc(tSTslot(47D y hfflJBT*4. 

[0048] 

[»2] 
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B,*t„ Be -M,M.> aB i t iM, X (2) 

< B'tfnQu/Tikx)* jii>(2i#7Mw)J 

* (3) 

* ( 3 ) 0&&<0*£tta}t£fc5$ (4 ) Z 

tizmmn®m2 4o mi) <otz^mm^bi- 

[0049] 

* (4) 

XQ7 Maffiffl^««tiS53 2 0U3$ ( 4 ) cO#B3ft^ 
£JllltiMi|fflB2 4 0 ( 01 ) KAflU ffljftftMflnv 

«»2 50 (ii ) mm^i&SLL. mm.m&* 

[0050] m4i,mimtmBcr>%m£9jki-7n-?- 
[005i]aM-fe;nf-*ctNvr. mia^tL 

"t, S5l§fl:M SvnP l<»aiaifcJ:ft^a>y Mb] 
(Xr-y 7°S4 0 1 ) . ;^a 7 h|a]J8£HI 
Cg^Hvt. ffiffl»£*ffl»FCfc:j3l,vc. P-SCH 

WSrUff-tS (Xf'/7S404) . 
[0 0 5 2] *flB-fe/H^f-^)*2SP8 (Xr-xTS4 
02) Icfttvcu^ 7l"-AHJHi:^^5>'^3-H 
^/P-ro^S-Ufft. SI3($Pg (Xf7/S4 0 

[0053] X9 jyffra- KWesitctt. jftffl^-r 

P -y b f-V P I C H Jr^-Xt LfcJU SffcftJffll 

«ffl»»KJ:*««»iaat«fTtft (Xr-yTS40 
6) . UlAMDyhf^y^CPICHH 
-Xt LfcffliHWWttfrffiU:. CPICHft y*/K9 

*««s«*Hitf)fflaas*i««2 4 0fcaj*L, n 

LTi><t<,\ 

[0054] CCT«3l^«!4:/l^--f«fflkJSIij« 

WC. m 1 |5j«OB 1 SPi U-fy 7*S 18 

01 ) . H28Pg (Af7 7'S1802) . m3gpg 
Ur-y7°S180 3) £StffU 
»C*jft'<'f o » hf-ir P I C H fccK ffllidft 



[0055] <IiU:*t LTS? 1 SliBBWdfRJJH-b/H^- 
f-<0»lSH^7^-rffl«JWH»*Blltt-C*» CixS- 

aft »s& j&h* k ^ 3 i 4: *«r * * . 

[00 56] 01 6te7y^K7 4/ky"MF£:*-f7*o 

•y?0T-fcS. 7 7 f F7-f/^MF(j r ^«WfflM^ 
— ^>'XC0ft^ffi^ (Fast correlatio 
nof hierarchical correlat 
ion s e qu e nc e ) j SrHfifl" § t>OT\ WH 

aa* l r i*moym\m&% * » a ±><n> 

Tbh. 01 6^>y^-K7-f;U^MF{imilW'7>y 
fH7<WMFlJ:. SI2«0)MF2£rB?l|8M&l/C 
fit. iOIK^-?«yf-H7-f/^*©«WtiI 

J!IS§W-4;ri:i«rffiT*4. 
[00 57] -7-yf-H7^;^MFl{imfflO^S;|lI85 
Mil ~M lrai, gflfI-§-S i n SrliftSSffilTJIt* 
®S§M 1 2~M l mfcA^ 1 1~D 1 . 

m-lt. fftglHS&Ml l-Mlm^ai**-&lft4aiI» 
H18&ADD lfcfcffli.*. 

[0 0 58]-*. V-yf-K7 4Vk?MF2(2m|lc7)3t 
at(IlS8M2 l~M2mi:. 7 7fH7-fWMF 1 tfOffi 
71 £ Hifcltt LT»J*mi&M 2 2 ~~M 2 m ATlt 
M8D 2 1 ~D 2 , m-li» *JHg»M2 l~M2m 

oswis-^n-rs jifficmssA d d 2 1 £fs* § . 

[0059] gflft-^S i n £mm4*Mfflt9fc IT 
S i n ( i ) tWfttht. V>yf-K7-f;^MFOaj 
TjSpsc [i] Hag (5) "C^HSil*. d-IT*. 35 
lPIW^-HPSCtiPglS^BRx-^yXT', I/-* 

y^p[j] ( j=o— m-i) m/is-yvxc 

[j] ( j =0-m- 1 ) frt>ffi&LZtlh. tctiis—}- 

yxp [j ] bis- ?>xc [ j ] cofflMzm-ttx 

[0060 ] 
[84] 

R0O*M 

»»t{>3- Sfaj Hi) KP;i J» m)XC(i <»a/ #11) 

" * (5) 

[006 1 ] 01 7(iX5^fr -f y^3'JW—^g|5SC 
^-f7n-y^0t-fcO. SUfi^S i ntWLT, a 

#X7^fr>f v^3'Ji^-^sc i~ 

SCzlCfcV^TJi. H 2 |5JSS ( ) 3-KSSC 

[1] , SSC [2] SSC [z] t. Sffi 

S i n fc<0«RIS[»^tT§iti. 
[0062] I18ini^7'ff-(>'/3 | Jl/-? 
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SC 1 «rft*LT*1\ ^'ff-f^'JV-^SC 
lttftfiS^OHfllS^S i n I fcH^JfcfrS i nQf 

[00 63] x^-f r-f yyzvis—rsc HiSflfl 

^I^Sinl fcowc jUgES&M I 1 kmn\2\fo 
M I 2*£U JH»SM I UX&fflG&l&m-QS i 
n I t^2|SIKB3-KSSC [1] ~SSC [ z ] O* 
ft-fil<7) I J&fr S S C I [1]~SSCI [z] to* 
gfrllftUffU StSBS&M I 2(i^JFiJOS(ifi^S 
i n I t§S2|5|»3:J-FSSC [1] ~SSC [z] ff) 
ZtlZ'iXCOQf&ftSSCQ [1] — SSCQ [ z] t«0 

[0064] $&KX74t 4 y^n'JW-^SC 1 
tt. SffifttttQftftS i nQfcOVvrj||&®8&MQl 

fc«*EIHMQ2£irU *fft3KMQl(i^fiJOS 
fifl^-S i nQt^2|5]W3-HSSC [1] -SSC 

[z] Offt^'ftOQl&frSSCQ [1] —SSCQ 
[ z ] 1 OjUg * IRfcSffT L . £*0gft M Q 2 Mttfta 
OJfflMI^S i nQfc»2HJJj3-FSSC [1] ~S 
SC [z] CDZtl?tlcr>I1&tiSSC I [1] — SSC 

i [ z ] to*3t£Ji&ii<rri>. *3»m 1 1 oas 

;bt*MI]88MQlOiiJ7J{i. MH!IRADDlicJ:0 

jnwsji. ^-oiu^jim^ ■ ^vtems INDI ka* 

3*1. fflP«*^*A I [ 1 ] #*HJ$*U. SeftmB 
MQ2t*»tHSIMI 2ff)lHMi. lUKIilRADDQb 

i o^*$it, <e-oai7jii«# • ^rmsa i n d Qt 

[00 6 5]*2RJ«3-Ftt. ttttff^^lSlalK S C 

[0 0 66] [$2£f£BS] 

[0067] H5{4»2Wt»!WctJtt*-b/H^-f - ■ 
7d ••/ ^Rlf^Bfico-t^-f-f- • ~fu y^tFC 7o 
•y 7 1 A F C 7o -y 7 1 cnffimm:^? o -y 7 0T* 

hh. &m%<7)£tmtfL on imimmmmtmm 

X'h*). -fey^-f-- 7ay7tFC7o-y7tAFC 

70 y 7 t osttBmko^jn i mummt . 

[0068] 05fcfcWC, -feylHf-f- • yo-y^tfii 
ffiKStftttlflt F C t O&aWGicD** 5 ® 1 Hii t H 

FcuwoaiafcoiYai. 01 tiBi-^^fttx^ 

[00 69] fiffli(U6«iaj»FCtt-7vf-H7^^M 

Fwaj*atfww»jiiiwPw<oaj^fc:tf5»»R3 

ft, 7 4 $ V/ftffigBT D P CttSH9l<< fvO ^ . 

[ o o 7 o ] 0 6 im 2 mmmmoimmmmiii® f c 
y * F7 < ivm vmwm.-m'm p wt 1 t> 

£3j?t7n .y^0T'S)l>. 

[007 1] ftffl^JI&ffigBFC<i-?y^F7.fyU7aj 
ASpsc cofflBPtt ( fi^fliTJ ) **»6ffiWS*^ 

*»pwwasa#Aasii*K-?t*ai*6 1 osr* 



u t°-7fcaj$6 1 o(ifflwm^tt»s?pwT-»ffi$ 

[007 2] t-7ftffi&6 10O&7Jti7n-y7£l£ 
3B6 2 0(;:A7y$ft. 7a-y 7£fi)tgB6 2 0Jit-7{i 
a07--f S >-7T'7 o y 7 C L K 2 
S. ?n 7 ;CLK2li?D7^CLKl}:^fL^. 

[ o o 7 3 ]ftffif£n$ajg?F cii$ 2 m§mv 

7VU*-/n'IHSg6 3 0. 64 0 zti(?-*r>T 

F UllfS 6 3 0. 640(i^ny^CLK2H|5l 
v-yf-F7^y^aj*Spsc*«JWS. 
V7VP*-;l-H(l]S86 3 0 1 6 4 OOifctyiXDy MS 
ffifflg^$£t}3S 6 5 0 KA* § ft £ . 
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